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Introduction

Plant biomass serves as a conventional raw
material for the preparation of microporous
activated carbons. Well known precursors for the
synthesis of carbon molecular sieves are fruit
stones and nutshells [1]. Microporous carbons
derived from coconut shells have high mechanical
strength, low ash content and a high volume of
micropores  (0.3-0.5 cm’/g). The latter is
responsible for their high efficiency in separation
of gaseous mixtures.

In the Siberian region of Russia there are
resources of cedar nutshells, that are suitable for
preparation of porous carbon materials. This raw
material is produced with an yield of 51-59%
relative to the weight of starting material during
cedar-nuts processing into the kernels of cedar nut
or into a cedar nut-oil. Active carbons with
extended micro- and mesoporosity were produced
by cedar nutshell carbonization at 600°C followed
by activation with water steam at 750-800°C [2].

The present study was devoted to the selection
of cedar nutshell carbonization parameters that
lead to the formation of microporous carbon
materials with molecular-sieve properties.

Experimental

The cedar nutshells used have the following
characteristics: ash content on a dry mass basis —
0.77% wt., yield of volatile matter - 55.6% wt.
relative to the dry organic mass, specific surface
area 0.3 m”g" and total volume of pores defined
by water adsorption — 0.05 cm’-g”. The average
particle size of the ground nutshells ranged
between 3 and 8 mm.

A rotating reactor with volume of 0.5 1 was
used for cedar nutshell samples thermal treatment.
A charge of nutshells with a mass of 120 g was
placed into the reactor and was heated at a constant
rate in a flow of argon up to the required
temperature (300-1000°C). The rate of heating was
varied between 0.1-4 °C-min.”. In all experiments
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the time of carbonization at the final temperature
was 120 min.

The texture of the active carbons was studied
with  Sorptomatic-1900  and  Sorpty-1750
instruments (“Fisons,” Italy). For the microtextural
characterization of the samples the isotherms of
nitrogen adsorption at 77 K and carbon dioxide
adsorption at 298 K were obtained and analyzed.

The molecular-sieve properties of active
carbons were studied in adsorption of O, and N, at
303K and pressure 18 kPa using a volumetric
procedure. The dependence of amount of adsorbed
O, or N, via time was obtained. A conditional
coefficient of separation was calculated as the ratio
of adsorbed oxygen to nitrogen on the sample after
1 min of its exposition to each gas.

Results and discussion

The influence of carbonization process
temperature and rate of heating of cedar nutshells
on the textural characteristics of the char products
was investigated. They were obtained from
analysis of isotherms of N, and CO, adsorption.
Figure 1 demonstrates of N, and CO, adsorption
on cedar nutshells samples, carbonized within the
range 350-950°C at heating rate 0.1°C/min.
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Fig. 1. The adsorption of N, (1) at 77K, 18 kPa and
CO; (2) at 298K, 18 kPa on sorbents obtained by
cedar nutshells carbonization at different
temperatures with rate of heating 0.1°C-min™".



For the heating rate of 3 °C/min the maximum
amount of adsorbed N, (about 1600 pkmol/g)
corresponds to the carbonization temperatures of
600-700°C. The samples carbonized at 600°C have
the calculated BET surface area of 130-140 m*.g™".

But at the low rate of heating (0.1°C/min) the
N, absorption by chars from cedar nutsells is very
small (30-130 pkmol/g), especially after
carbonization at 600-700°C (Fig. 1). This fact
produces an impression that low heating rates of
carbonization promote the formation of chars with
low porosity. But these chars are able to adsorb a
high amount of CO, (650-750 pkmol/g) at 298 K
and 18 kPa. Obtained data indicate that the
pyrolysis of cedar nutshells at 600-800°C with low
heating rate produces the char materials with a
high microporosity.

The similar phenomenon was observed earlier
for microporous coal and it was explained by
diffusion limitations for N, molecules into
supermicropores at low adsorption temperatures.

The comparision of data for N, and CO,
adsorption on chars from cedar nutshells makes it
possible to draw the conclusion that the optimum
temperatures of micropores formation are 700-
800°C and heating rate about 0.1°C/min.

Experimental batch of carbon molecular sieve
was produced from cedar nutshells using the
optimum carbonization parameters. This sorbent
had the following characteristics: micropore
volume 0.254 cm®.g”, average micropore width —
0.56 nm, surface area of micropores 570 m*/g.

The main textural and adsorption characteristics
of sorbent from cedar nutshell are similar to those
of commercial molecular sieves produced from
coconut shells for the air separation into O, and N,.

It was shown that “Cedarnut” sorbent can
demonstrates the molecular sieve properties in
separation of N,-O, mixtures. Kinetic of individual
gases adsorption on obtained sorbent was studied
at 303 K and 18 kPa (Fig. 2).
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Fig. 2. Kinetic curves of O, (1) and N,(2)
adsorption at 303K and 18 kPa on sorbent
produced by carbonization of cedar nutshells at
optimum process conditions.

The oxygen uptake is higher then nitrogen
uptake during the first 5-6 min. For this sample the
“effective” coefficient of N, and O, separation is
equal to 2 at adsorption time of 1 min. At the same
conditions the oxygen uptake is higher and
nitrogen uptake is lower on “Coconut” sorbent.
Therefore the efficiency of oxygen separation from
nitrogen for “Coconut” sorbent is by 2 time higher
as compared to “Cedarnut” sample. The difference
in the adsorption properties of these two sorbents
can be explained by the higher accessibility of
micropores with optimum width in the case of
“Coconut” sample.

Conclusion

The influence of carbonization temperature and
rate of heating of cedar nutshells on the
microtexture of active chars obtained was
investigated.

Optimum parameters for the carbonization
process were selected promoting the formation of
microporous carbons with molecular sieve
properties. The textural characteristics of
“Cedarnut” sorbent obtained at optimum
parameters of carbonization process are similar to
those of a commercial “Coconut” sample.
“Cedarnut” sorbent have good prospects for the
use in processes of gaseous mixtures separation.

They are able to decrease the moisture
concentration in an air by 10-30 times
(to 1.0-1.2 ppm) and can reduce the CO,
concentration in an air to the level 300 ppm.
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MOJYYEHUE HAHOIIOPUCTHIX YTJIENA C MOJEKYJISIPHO-
CUTOBBIMH CBOMCTBAMM U3 CKOPJIYIIBI KEAPOBBIX OPEXOB
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BBenenne

PactutensHas 6momacca SBISIETCS TPaAWIIMOH-
HBIM CBIPpbEM [JId NOJYYCHHUA MUKPOIIOPHUCTHIX
AKTUBHBIX yriield. XOpOIIo M3BECTHO MPUMEHEHUEC
(DPYKTOBBIX KOCTOUEK W CKOPJYIBI OPEXOB IS
CHHTE3a VTJIEPOMHBIX MOJEKYJSIpHBIX cHuT [1].
MUKpOIOpUCTBIE YT, TIOTYUYCHHBIE U3 CKOPITYIIBI
KOKOCOBOTO OpeXa, NMEIOT BBICOKYIO MeXaHWYec-
Kyl0 TIPOYHOCTh, HH3KOE COJIepKaHWe 3076l W
GombIoii 06beM Mukponop (0,3-0,5 cm’/r). IToc-
JCIHUM OIpeNeNseTcss UX BbICOKas A((eKTuB-
HOCTb B Pa3/IeJICHUH Ta30BBIX CMECEH.

B cubupckom peruone Poccum wnmerorcs
PECYPCHI CKOPIYIIBI KEAPOBBIX OPEXOB, KOTOPBIC
MOTYT HCIIOJIb30BaThCS IS POU3BOJICTBA TTOPHC-
TBHIX YTJIEPOTHBIX MaT€PHAIIOB. DTO CHIPhE MOIyda-
ercsi ¢ BeIXogoM 51-59% oT Beca HCXOMHOTO
MaTepuana Mpu mepepadoTKe KeIPOBBIX OPEXOB C
MIOJTy9€HUEM OYHMIIEHHBIX 3€peH WIN KEeIPOBOTO
Macna. AKTHBHBIE YIJIM C pa3BUTOM MHKPO U
ME30IOPUCTOCThEIO  OBUIM  TOJYYCHBI  IMyTEeM
KapOOHU3aIUU CKOPIYIBI KEIPOBBIX OPEXOB MpHU
600°C u mocnenyrommeil aKkTUBALUEed BOISHBIM
napom mipu 750-800°C [2].

Hacrosmee wuccregoBanue OBIIO TIOCBAIICHO
moadopy TapaMeTpoB KapOOHW3AIMMH CKOPITYITBI
KCIAPOBLIX OPEXOB, 06eCHe'-II/IBaIOH_[I/IX IMOJIy4YCHUC
MUKPOIIOPUCTBIX ~ YTJICPOJHBIX MAaTEepPHAJIOB  C
MOJIEKYJISIPHO-CUTOBBIMH CBOMCTBAMH.

MeToanku IKCIIEPUMEHTA

Hcnonp3oBanack cKoOpiyna KeIpOBBIX OpEXOB
CO CIEIYIOUINMU XapaKTepPUCTUKAMH: COJEep KaHUE
30161 Ha cyxylo Maccy — 0,77% Bec., BBIXOX
aetyuux — 55,6% Bec. Ha CyXyr0 Maccy, yJeJlbHas
noBepxHocts 0,3 MY/r W obmmii 06beM mop,
oTpe/IeIeH b 1Mo ancopormu Boxsl — 0,05 cM/T.

Cpenmnuii  pa3smep  4acTUIl  M3MEIHUYCHHOU
CKOPJIYIIbI BAPHUPOBAICS OT 3 710 8 MM.
s tepmudeckoit  oOpaboTkn  00pasmoB

CKOPJIYIIBI TIPUMEHSUICS BPAIIAIONIUIC PEaKTop C
oobemom 0,5 1. HaBecka ckopimymsl Maccoid 120 T
[oMeIlanack B PEakTOp MW HarpeBanach C
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MIOCTOSTHHOM ~CKOPOCTBIO B TOKE aproHa Jo
tpedyemoii Temnepatypsl (300-1000°C). CkopocThb
HarpeBa BappupoBanack or 0,1 mo 4°C/mun. Bo
BCEX 9KCIIEPUMEHTaX NPOIOIDKUTELHOCTD
KapOOHHW3aIlMl TPH KOHEYHOH TeMIleparype
cocrasisia 120 MuH.

TekcTypa aKkTUBHBIX YIJlell Obuta H3y4deHa c
nmpuMeHeHueM TnpubopoB  Sorptomatic-1900 u
Sorpty-1750 (“Fisons”, Utamus). MUKpOTEKCTYyp-
HbI€ XapaKTepUCTHKH O0Opa3loB MOMydalnd U3
aHanm3a wu3oTepM axacopoumu N, mpu 77K u
ancopommm CO, mpu 298.

MonekynapHO-CUTOBbIE CBOMCTBA aKTHUBHBIX
yriel ObutM u3ydeHsl B aacopounu O, u N, mpu
303K u nmaBiaenun 18 klla ¢ wncooib30BaHHEM
obseMHOTO Meroma. Jlms kaxkmoro oOpasma
PETUCTPUPOBATIN N3MEHEHHE KOJIMUECTBa aicopOu-
poBanHoro O, unu N, cO BpeMEHEM. Y CIOBHBII
KOod(DPUITMEHT pa3feeHuss pPACcCUNTHIBAIA Kak
OTHOILIEHHE aJCcOpOHMPOBAHHOTO KHCIOpOJa K
a30Ty Ha o0Opasle Mocjie ero BBIICPKKH B Cpefe
KaXKOTO0 Ta3a B TeueHue 1 MuH.

Pe3yabTaThl U 00cyx1eHnE

Bruto W3ydeHo BiIMsIHUE TeMIlepaTypbl KapOo-
HU3AIMU U CKOPOCTH HarpeBa KeAPOBON CKOPIIYTIBI
Ha TEKCTYpHbIE XapaKTEePUCTUKU IOIYYECHHBIX
yried, OmpelelieHHbIe W3 aHallu3a H30TepM
aacopouun N, u CO,.

Ilpu ckopoctu HarpeBa 3°C/MHUH MaKCHMAaJlb-
HOE KOJHMYECTBO aacopOupoBaHHOTO N, (0KOJIO
1600 MKMOJIB/T) COOTBETCTBYET TeMIIepaTypam
kapOonusauu 600-700°C. Jlnst kKapOOHH30BAHHBIX
npu  600°C 00pa3LoB paccuuTaHHas yAelbHas
nosepxuocth BAT cocramser 130-140 m7/r.

OpHako Ha yIIAX W3 KEAPOBOM CKOPIYIIBI,
MONYYCHHBIX TIPM MaJoH CKOPOCTH HarpeBa
(0,1°C/mun) axcopOiust N, oueHb mana (puc. 1).

OTOT aKT MOKET 03HAYaTh, 4TO KapOOHU3ALHS
IPU MaJbIX CKOPOCTSAX HarpeBa CIOCOOCTBYET
(hopMUpPOBaHUIO yrJeH ¢ HeOONBIIOW IOpHUC-
TocThio. OIHAKO 3TH YINIM aACOpOMPYIOT 3HAYH-



tenpHBIe KommuecTBa CO, (650-750 MKMOIB/T)
mipu 298K u 18KI]a.
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Puc. 1. Ancop6rus N, (1) mpu 77K, 18klla u
CO, ipu 298K, 18xIla Ha copOeHTaxX, MOTYyICHHBIX
KapOOHU3AIMEH CKOPJIYIBI KSIPOBBIX OPEXOB MPHU
Pa3IMYHBIX TEMIIEpaTypax CO CKOPOCTHIO Harpesa
0,1°C-mun".

[lomyyeHHble  [aHHBIE  TIOKA3bIBAIOT, YTO
MUPOJIU3 CKOPJYIBI KEJIPOBBIX opexoB mpu 600-
800°C ¢ maJoii CKOPOCThIO HATrpeBa CIIOCOOCTBYET
Pa3BUTUIO MMKpPOIOPHUCTON TEKCTYpBl YIJIEpPOA-
HOTO Mareprana. AHAJIOTHYHBIA ()EHOMEH HaOIIo-
JIaJicsl paHee Uik MUKPOTIOPUCTOTO YTJISl U OH OBLI
00bscHeH HanmuuueM Au(Qy3uOHHBIX OrpaHHye-
HUM U1 MonieKynl N, B CYNEpPMHKPONOpax IMpH
HU3KUX TEeMIIEpaTypax aICOpOLHH.

W3 conocraBieHns JaHHBIX 10 aacoporu N, u
CO, Ha yrasx u3 KEOPOBOM CKOPIYIBl MOXKHO
cenaTh BBIBOJ O TOM, YTO ONTHMAIbHBIMU JUIS
(hopMHpOBaHUSI MHUKPOIIOPUCTOH CTPYKTYpBI Kap-
OOHHM30BAaHHOTO MPOIYKTA SBJISIOTCS TEMIIEPATyPhI
700-800°C u ckopocth Harpesa okouio 0,1°C/muH.

C ucnosp30BaHNEM ONTHMAJIBHBIX NAPaMETPOB
mporecca KapOOHHM3aLUMM KEIPOBOH CKOPIYIIBI
ObUla TPUTOTOBJICHA OIBITHAs MApTUS YIJIEPOA-
HOTO CcOpOeHTa C MOJICKYJISIPHO-CUTOBBIMH CBOM-
CTBaMU. DTOT COPOEHT MMeET CIICIYIONIUE XapaKTe-
pucTuku: 06beM Mukporop 0,254 cM’/r, cpemmss
MpUHA Menu Mukpornopsl 0,56 HM, yaenbHas
IOBEPXHOCT MHKpomop 570 wm>/r. OCHOBHBIE
TEKCTYpHBIE M aJCOpPOIMOHHBIE XapaKTEPUCTHKH
copOeHTa W3 KEAPOBOM CKOPIYNbl OJHM3KH K
XapaKTePUCTUKaM MOJIEKYJISIPHBIX CUT U3 CKOPIY-
bl  KOKOCOBBIX OpEXOB, TPHMEHSIEMBIX JUIS
paznenenus Bo3ayxa Ha O, u N,.

CopOeHT U3 KeIpOBO CKOPIYITHI MOXKET TakiKe
MIPOSIBIISATH MOJIEKYJISIPHO-CUTOBBIE CBOWCTBA B
pasmenenun N,-O, cmecu. Kunernka amcopOumu
WHAWBUAYAIbHBIX TA30B HA MOJYYCHHOM COPOCHTE
onu1a n3ydena mpu 303K u 18 kIla (puc. 2).

B Teuenune mepBBIX 5-6 MHHYT NOTJIOLICHHUE
KHCIOpota copOeHTOM BhImle, 4yeMm aszora. s

aToro oOpazma “dddexTuBHBI”  KOdDPUITHEHT
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pasmenenuss N, mw O, OmM30Kk K 2-M
MIPOIOJDKUTEIHHOCTH afcopOoruu 1 MuH.
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Puc. 2. Kunernueckue kpusbie aacopoiuu O,
(1) m N, (2) npu 303K u 18klla Ha copOenTax,
MOJTYYCHHBIX KapOOHU3AIEeH CKOPIYIIBI KeIPOBBIX
OpPEXOB MPU ONTUMAIBHBIX YCIOBUAX IpOIEcca.

B Tex ke cambIX YCIOBHSAX Ha COpOCHTE W3
KOKOCOBOW CKOPIYTbl IOTJIONIEHHE KHUCIIOpOoJa
Oosibllle, a TOTJIONIEHUe a30Ta MeHbIue. [loaTomy
3G GEKTUBHOCTL B Pa3/ICiCHUN KUCIOPOJa U a30Ta
JUIL  TIPOMBINUIEHHOTO COpOEHTa M3 KOKOCOBOWM
CKOpJIyIbI B 2 pasa BBINIE IO CPaBHEHHIO C 00-
PasloM U3 CKOPIYIBI KeIpOBOTO opexa. Pazmuume
B aJCOpPOIMOHHBIX CBOMCTBAaX STHX COPOCHTOB
MOXHO OOBSCHUTH 00Jiee BBICOKOH JTOCTYITHOCTHIO
MUKPOIIOp C ONTUMATBHON IUPHHON MHUKPOIOP B
criydae 0o0pasia U3 KOKOCOBOW CKOPITYTIBI.

3akJ/rouenue
HccnenoBano BIMSHUE TeMIepaTyphl KapOo-

HU3AIMA U CKOPOCTH HarpeBa CKOPIYIBI KEIPOBBIX

OpEeXOB Ha MUKPOTEKCTYPY TMOIYICHHBIX aKTUBHBIX

yrimeil.  OcymecTBieH MOAOOp  ONTHUMAIBHBIX

mapamMeTpoB TIpolecca KapOOHHU3alMH, CIoco0-

CTBYIOIIUX (OPMHPOBAHUIO MHKPOTIOPHUCTHIX yT-

JIe ¢ MOJEKYJAPHO-CUTOBBIMU CBOMCTBaMH. Tek-

CTYpHBIE XapaKTEPUCTUKH COpPOCHTa U3 KEIpPOBOU

CKOPJIYIIBI, ITONy9€HHOTO IPH ONTHMAIBHBIX YC-

JIOBUAX KapOOHM3AIMM OJIM3KA K XapaKTepH-

CTHKaM MPOMBIIIICHHOTO 00pa3la u3 KOKOCOBOM

CKOPJYIbl. MHKpPOTIOPUCTBIE COPOCHTHI U3 CKOP-

JMyTBl KEIPOBOTO OpeXa HMMEIT XOpOoIlue Iep-

CIIEKTUBBI ISl WUCIOJIL30BAHUS B TpoIleccax pas-

JIeNIeHUs] Ta3000pa3HbIX cMeceil. OHM CIOCOOHBI

yMeHpmiaTh B 10-30 pa3 KOHIEHTpaLUIO Biard B

Bozmyxe (mo 1,0-1,2 ppM) W CHmWKath KOH-

unentparnuio CO, B Bozmyxe 10 ypoBHs 300 ppM.
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